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War Gases: Their Pathological Effects and Treatment
(No excuse is offered for printing the following notes, in view of
the expressions of those in authority that "gas" will be used
by the enemy in an attempt to overcome our resistance.)
WAR gases usually are classified primarily into non-persistent and persistent. The
non-persistent gases may themselves be gases, or they may be solids which when
liberated are rapidly converted into gas or smoke, which is quickly dissipated,
leaving the area free from pollution. Persistent gases are solids or liquids which
on being exposed to the air change to gas only slowly.
The medical classification of war gases on the other hand is based on their
effects:
(a) Lachrymators, which act on the eyes.
(b) Nasal irritants, which act on the nose.
(c) Asphyxiants, which act on the lungs.
(d) Vesicants, which act on the skin and mucous membranes.
(e) Haemolytics, which act on the blood-cells.
(f) Paralysants, which act on the nervous system.
1tHE LACHRYMATORS.
These were the first toxic gases used in the Great War of 1914-18; they are
chemical substances having a specific action on the eyes; they produce a copious
flow of tears and temporary blindness. In the low concentrations met in the open,
lachrymation is the only effect produced, but in enclosed places, such as deep
trenches, dug-outs, and cellars, concentrations can accumulate and produce serious
casualties.
The three principal lachrymators or tear-gases are:
(1) Chlor-aceto-phenole-C.P.A. solid and non-persistent.
(2) Ethyl-iodo-acetate K.S.K. liquid and persistent.
(3) Bromo-benzyl-cyanide-B.B.C. liquid and persistent.
The symptoms produced by these three substances on evaporation soon disappear
on removal of the patient from the contaminated area; quick relief is produced by
irrigation of the nose and conjunctival sacs with warm saline solution, or even
with warm water.
In strong concentrations of these gases, further effects may make their appear-
ance by irritation of the respiratory passages and lungs; a burning feeling is
experienced in the throat, with discomfort in the chest, and if the patient is not
taken away from the gas-contaminated area, nausea and vomiting may result.
C.A.P. may, in addition, act as a skin irritant, and it is stated that persons
with dry skins who do not sweat may develop an obstinate dermatitis if often
exposed to the vapour.
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These are solid arsenical compounds which at ordinary temperatures readily
form a very fine almost invisible particulate cloud or smoke. The principal nasal
irritants are:
(1) Di-phenyl-amine-chlor-arsine (D.M.).
(2) Di-phenyl-chlor-arsine (D.A.).
(3) Di-phenyl-cyano-arsine (D.C.).
The gases produced by these substances cause a violent sensory irritation even
in low concentrations. The symptoms are acute pain in the nose and accessory
sinuses, with a sense of "fullness" in the head, with repeated sneezing. A burning
sensation is experienced in the throat, a tightness and pain in the chest, a feeling
of "grittiness" in the eyes with pain and lachrymation; there is aching in the
gums, and often this may proceed to nausea and vomiting. Acute mental distress
is a marked feature of patients suffering from these gases.
The irritant effects are transitory, and in the great majority of cases a brief
period of rest, away from the contaminated area, is all that is necessary to effect
recovery; but nasal irrigation and gargling with a five per cent. solution of sodium
bicarbonate will relieve the irritation of the nose and throat.
A peculiarity of these gases is the apparent slow development of their symptoms.
Even if the patient is taken away from the source of the gas, the symptoms
continue to increase in severity for some time before they begin to subside.
THE ASPHYXIANTS.
Ihe most important members of this group are:
Chlorine.
Chloropicrin.
Phosgene.
Diphosgene.
The first two substances are of low toxicity when compared with phosgene and
diphosgene; the ease with which they are detected by their irritancy makes it
unlikely that they will be used by an enemy.
All four substances produce an inflammatory reaction on the trachea, bronchi,
and lungs, followed by cedema with cedema fluid passing into the lung alveoli,
causing an obstruction to the oxygen exchange in the pulmonary vessels.
Of these four substances, phosgene (COC12) is probably the most toxic; it
causes irritation of the sensory nerves supplying the upper air-passages, as well
as inflammatory changes; it is the "gas" most likely to be used by an enemy; it is
insidious in its action, and persons gassed with it often have no warning symptoms
until it is too late to avoid serious poisoning. It is said to have the odour of
"musty hay," and is not easily detected.
The main pathological changes seen microscopically in a lung from a case of
death due to phosgene poisoning are as follows:
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air-sacs are burst in many places.
(2) The bronchi are filled with cedema fluid.
(3) The blood-vessels of the alveolar network are congested.
(4) Intravascular thrombosis is frequently found in the smaller blood-vessels.
The result of these changes is that the blood circulation through the lungs is
impeded and the respiratory exchange of gases between the blood and air in the
lung is seriously diminished. Death is brought about by asphyxia, the patient
being, as it were, drowned by his own cedema fluid.
If death does not occur, the cedema fluid begins to be absorbed or expectorated
from the third day onwards, and if all goes well, the lungs soon resume their
normal functions. Broncho-pneumonia complications may develop from secondary
infections, but they are not common.
The patient's symptoms are a copious frothy sputum, a frequent cough, and
hurried shallow respirations. With the "blue-type" the respirations are from forty
to forty-eight per minute, with a temperature of 1000 to 1020, and a pulse of about
100. The "paled-type" may have a respiration rate of fifty per minute or more,
with a rapid running pulse of 130 to 140.
In the "blue-type" the patient, as a rule, is fully conscious and complains of
headache and pains in the chest; he turns restlessly to and fro in extreme
discomfort, and his hurried breathing is interrupted from time to time by short
bursts of coughing and expectoration. The best treatment is rest, warmth, the
administration of oxygen by an efficient apparatus, with three litres a minute for
twenty-five minutes and five minutes interval, with venesection to lessen the em-
barrassment of the circulation; from fifteen to twenty ounces of blood should suffice
to produce relief from the discomfort. The diet should be fluid, and bland drinks
should be given freely; expectorants should not be given.
The "paled-type" patient is restless, often he is semi-delirious, and his skin may
be dry and hot, or damp with perspiration. There is a small, hurrying pulse, with
panting, rapid, shallow breathing, and often sounds can be heard of fluid in the
trachea. In common with the "blue-type" a little dullness can be elicited on
percussion, and numerous fine rales and rhonchi, especially in the axille and over
the back. In both types the intensity of the pulmonary cedema is hidden from the
physical examination by the presence all over the chest of scattered patches of
emphysema. Venesection is contra-indicated in this type, otherwise the treatment
is the same as for the "blue-type."
VESICANTS.
The two principal vesicants or blister gases are mustard and lewisite. Although
lewisite is a compound containing arsenic (chloro-vinyl-di-chlor-arsine), it is not so
deadly in its action as mustard. It has an immediate irritant action both on the
respiratory tract and on the skin in low concentrations, and its penetrating odour
of geraniums renders it easy of detection. Its action, however, is more rapid than
56mustard, and if the vesicles which it produces are left unopened, the patient will
die of arsenical poisoning. It should be noted that the vesicles due to lewisite
poisoning are "pearly" in appearance, and there is no erythematous ring around
them as seen in mustard-gas cases.
Lewisite can be easily destroyed, and may be neutralised by water, especially if
it is hot and contains an alkali-a five per cent. aqueous solution of sodium
hydroxide is, possibly, the best solution for this purpose. Apart from these facts,
lewisite produces similar symptoms and pathological changes to mustard.
Mustard gas, known to chemists as di-chloro-di-ethyl-sulphide, in its pure state
is a transparent oily liquid, but in the crude form in which it is used in warfare,
it resembles dirty oil from a motor-engine. It is almost odourless in ordinary field
concentrations, but in strong concentrations it has the pungent odour of horse
radish or garlic. It is one of the most persistent gases known, and it is very
difficult to destroy. Cases of blistering have been described where the persons
concerned had unconsciously sat down on ground contaminated by mustard, and
the vapour had passed through the clothing, causing inflammation and blistering
of the buttocks and scrotum within twenty-four hours, followed by balanitis and
pain on micturition.
The main pathological changes seen microscopically in a lung from a case of
death due to mustard-gas poisoning are as follows:
(1) The bronchioles are filled with fibrin and pus cells, and the lining epithelium
may be completely destroyed.
(2) Inflammatory changes cause rings of haemorrhage in the tissues around the
bronchial tubes.
(3) Patches of septic broncho-pneumonia and small abscesses may be
present.
(4) There is no generalised pulmonary cedema, as in cases of phosgene poisoning,
and there is no disruptive emphysema.
As a rule, no symptoms are complained of at the time of exposure, but after two
to six hours the skin and mucous membranes begin to react with a progressive
inflammation, beginning as an erythematous blush which gradually deepens in
intensity until the skin looks scorched. These reactions are best seen in the
axille, groins, scrotum, inner side of the thighs, and perineum. Blisters develop
at a later period over the reddened area. At first there is a sense of burning in
the eyes, followed by intense conjunctivitis and lachrymation; if the vapour has
passed down the respiratory and digestive tracts, there is vomiting, with dis-
comfort in the throat, a hoarse cough, and some retro-sternal pain. Although the
effects of this toxic gas are very intense, death is uncommon, and when it occurs
it is the result of septic conditions, especially septic broncho-pneumonia.
In cases of vapour contamination, the rapid removal of all clothing is essential,
followed by a thorough washing of the body with soap and water. The eyes should
be irrigated frequently with plain warm water or normal saline.
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an ordinary thermal burn.
For liquid contamination three forms of treatment are available:
(1) BLEACH TREATMENT by ointment or paste, composed of equal parts of white
vaseline and "supertropical" bleach, which will neutralise the mustard-oil. The
ointment should be rubbed into the skin for one minute and then washed off with
soap and water. If it is left on the skin longer than this short period it will burn
the skin. This treatment should never be given where the skin already shows signs
of irritation, when it would merely aggravate the condition.
(2) TREATMENT BY SOLVENTS. Petrol and kerosene will dissolve the mustard-oil,
it will not destroy it, and care must therefore be taken not to spread the contamina-
tion by allowing the solvent to run over the skin. Thorough washing with soap
and water will complete the treatment.
(3) WASHING WITH SOAP AND WATER with frequent changes of water. This
should always be done, even after a time has elapsed since the patient was
contaminated. It does not destroy the mustard; it merely removes it in the lather;
the scrubbing should therefore be confined to the affected area, and the hands
should be protected.
Speed is the essence of all preventive treatment, and a delay of even three
minutes with liquid contamination, or twenty minutes following exposure to vapour
before cleansing the skin, will result in definite burns.
In all cases of poisoning by mustard gas the eyes must receive immediate atten-
tion, as they usually show the first signs, due to exposure. The eyelids become
cedematous, and there is severe pain behind the eyes and in the forehead; the
conjunctiva becomes swollen and cedematous, and the blood-vessels become
markedly injected. There is photophobia and blepharospasm. The eyes may be
so severely burned that they may be destroyed. They should have frequent lavage
with two per cent. solution of boric acid or normal saline. If spasm and pain are
marked, the application of one per cent. atropine ointment every twelve hours will
give relief. Note carefully that cocaine should not be used, as its effects are only
transitory, and it tends to loosen the corneal epithelium and facilitates ulceration.
If a muco-purulent discharge is present, instil a two per cent. solution of argyrol
twice daily. Rhinitis is best treated with copious warm douches of five per cent.
sodium bicarbonate solution several times daily, inhaling the steam of hot water
to which have been added to each pint of water one ounce of tinc. benz.co. If
broncho-pneumonia develops, the treatment is sympathomatic and follows the
usual forms of procedure.
Blisters should be evacuated under asceptic conditions by means of hypodermic
syringe, allowing the intact epithelium to collapse and seal down the raw, sensitive
surface beneath. The application of dry dressings is recommended, but if crude
cod-liver oil is used and the dressings changed daily, little or no irritation is caused
and the oily dressings come off easily and without pain. If large areas are involved,
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prepared five per cent. solution of tannic acid, and dressing with lint moistened in
the same solution. The entire dressing should be removed at the end of eight to
twelve hours, when a firm coagulum has been formed; this is sprayed with five per
cent. solution of tannic acid, and dried.
After the separation of the coagulum, the general principles of wound treatment
are followed; stimulating lotions or scarlet-red ointment will be found useful in
encouraging the growth and epithelium.
HA3MOLYTIC SUBSTANCES.
Arseniuretted hydrogen may possibly be used as a noQ-persistent war-gas by an
enemy. But it is likely that if it is used it will be in the form of calcium arsenide.
This substance is a dark-grey, heavy powder, which in contact with atmospheric
or soil moisture slowly generates arseniuretted hydrogen over a period of hours or
days, according to the amount of moisture present. In weak concentrations it has
a peculiar garlic-like odour, reminiscent of acetylene, but in strong concentrations
this odour is not perceptible.
The symptoms produced by arseniur-etted hydrogen vary with the amount of gas
inhaled. In mild cases there is lassitude, headache, and undue breathlessness on
exertion. In cases of moderate severity there is shivering, weakness, giddiness,
nausea, and vomiting, and often there is insomnia associated with renal and hepatic
pain and diarrhoea. In severe cases the above symptoms are accentuated, and the
patient gradually becomes comatose.
The symptoms are due to the action of the arseniuretted hydrogen on the red
blood cells which take up the substance, and hemolysis results. The haemoglobin
of the red cells is set free, and is in part excreted by the kidneys, giving rise to
hiaemoglobinuria, and is partly converted by the liver into bile pigments, which are
formed in exoessive amounts, and in severe cases this in turn gives rise to jaundice.
Post-mortem examination shows congestion and damage to the kidneys, liver,
and spleen. There is tubular degeneration of the kidneys with blockage of the
capillaries by the debris of red cells and cellular debris and casts; there is toxic
degeneration and necrosis of the liver.
Death in severe cases may take place within forty-eight hours of exposure to
the gas, and may be preceded by complete anuria; deaths may continue to occur
over a number of days, and are sometimes accompanied by uraemic symptoms with
partial or complete supression of the urine.
Treatment consists of blood transfusions, the promotion of diuresis, and the
administration of glucose. The risk of haemolysis of the transfused blood by the
gas apparently is slight after an interval of two to three hours after exposure, but
transfusion may have to be repeated, as haemolysis of the patient's own blood may
continue for several days. In promoting diuresis to rid the system of the arsenic,
organic mercurial diuretics must not be employed; potassium or sodium citrate in
doses of three to four drachms in twenty-four hours is the best treatment. Glucose
59should be given freely from the onset of symptoms, with or without insulin; in the
presence of severe hepatic symptoms, it may be given intravenously.
During convalescence a light diet is indicated so long as the urine shows evidence
of the toxic action of the gas. Full doses of iron and liver extract are also indicated.
PARALYSANT GASES.
These gases are hydrocyanic and hydrogen sulphide. They both act on the
nervous system, are extremely deadly, but lethal concentrations are not easy to
arrange under war conditions. It is, however, possible that the enemy may have
been able to overcome this difficulty by combining them with a heavy molecule,
and making them available for use in warfare.
Hydrocyanic acid is a protoplasmic poison; in high concentrations it is capable
of causing death through paralysis of the respiratory centre in the brain stem.
The symtoms are first an uneasiness, vertigo, palpitation, and hurried breathing.
If the gas is present in lethal concentrations, these concentrations are followed by
convulsions and death by paralysis of the respiratory centre and circulatory failure.
Treatment must be immediate, and is primarily directed to restoration of the
circulation. The patient must be removed from the infected area, and artificial
respiration used. Oxygen with a mixture of five per cent. carbon dioxide is useful
in stimulating normal respiratory efforts.
Hydrogen sulphite acts as a local irritant and as a systemic poison. High
concentrations cause death with dramatic suddenness; moderate concentrations
give rise to bronchitis and pulmonary cedema. The symptoms are panting respira-
tion, pallor, and the rapid onset of unconsciousness, followed by convulsive
movements and the cessation of breathing.
Treatment must be prompt, and the patient must be removed immediately from
the infected area. Artificial respiration must be given with the inhalation of oxygen
mixed with five per cent. carbon.
R. H. H.
REVIEW
CEREBRO-SPINAL FEVER. By Denis Brinton, D.M.(Oxon.), F.R.C.P.(Lond.).
Edinburgh: E. & S. Livingstone. 1941. Pp. 163. Plates 4. 8s. 6d. net.
THHE author includes in his preface to this book the statement that last year he became aware
of the need for a small book to review this subject and its modern treatment. This statement
may be true, but as it appears that the author's experience of cerebro-spinal fever consists of
forty-six cases personally observed during 1940, he does not seem to have the necessary experience
to justify his undertaking the task. Whilst the book is pleasant reading, it savours throughout
of a lack of intimate personal experience in the handling of a variety of cases of cerebro-spinal
fever which must limit its value. One statement cannot pass unchallenged: on page 130 it is
implied that for an adult a total intake of two to three pints of fluid in twenty-four hours is
adequate. That is not the general teaching in the treatment of acute infectious diseases. There
is no illustration of any skin manifestation of the disease likely to be of assistance in making a
diagnosis, whilst four plates are given to pictures of sulphanilamide rashes.
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